In Hungary, dried pasta products are very popular amongst all groups of society. In recent years the demand for not only dried pasta made from hen eggs (Gallus gallus domesticus) but from alternative types of ingredients has increased. However, according to the literature the chemical and microbiological characteristics of this type of pasta have yet to be studied in depth. The effects of the use of quail eggs and heat treatments at different temperatures were studied by chemical and microbiological measurements. The activity of oxidative enzymes and nutritional characteristics (watersoluble total polyphenol content, water-soluble antioxidant capacity, peroxidase enzymatic activity, water-soluble protein content and yellow pigment content) was tested during our experiments. The data were evaluated by relevant statistical methods. Significant differences were found both between heat treatments and between the egg content of the dried pasta samples. The peroxidase enzymatic activity and yellow pigment content increased with temperature. However, the usage of quail eggs provides a higher water-soluble protein content and water-soluble antioxidant capacity. The presence of microorganisms is decreased by increasing the drying temperature. The number of all the examined microorganisms was within limits.
Introduction
Present-day problems of globalization have led to a need for more diverse, long-lasting and convenient food products of high nutritional value. Mindful consumers look for products that have positive physiological effects and have been subject to a minimal degree of processing.
In Hungary, dried pasta products are popular amongst all groups of society. Their position in the global market is safe because these products possess all of the aforementioned qualities and fall within an affordable price range too. The amount of dried pasta products consumed in recent years has elevated [1] , therefore, the food industry continuously tries to lower production costs as well as improve profits and their nutritional value [2] .
One of the important ingredients of pasta are eggs. For the industrial processing of dried pasta only two kinds of eggs are usable; hen and quail eggs.
The most commonly used type of eggs are hen eggs (Gallus gallus domesticus). Pasta products made from * Correspondence: ildiko.szedljak@gmail.com this type of eggs have been well studied. However, recently a need has emerged for more unconventional dried pastas made from alternative ingredients [3] .
Quail egg pasta (Coturnix coturnix) is one of these innovations. Quail eggs as an ingredient are of a relatively high nutritional value. When compared to hen eggs they possess more protein but less carbohydrate and fat [4] .
Chemical changes during processing define the quality of the end product. The most determinative factors are the temperature of the drying process and its changes during the process [5] . Significant changes in chemical behavior occur even at lower temperatures. Enzymeactivated changes like protein denaturation and pigment oxidation take place below 60
• C. At temperatures higher than 80
• C the oxidative enzymes deactivate and the Maillard reaction occurs, simultaneously the lysine concentration of the pasta decreases [6] . Therefore, choosing the most suitable drying temperature is an important step when it comes to the quality of the heat-treated products, especially in the case of dried pastas.
When designing and processing products with long storage and shelf lives, another important concern is the microbiological safety of the product. With the diminished water activity of these kinds of foods, the activity of microorganisms also decreases. The main parameter in this case is the number of microorganisms when processing commences. During drying the microbes deactivate and their numbers decrease [7] . Chemical and microbiological properties depend on the nutritional characteristics and drying properties of the pasta. Since the chemical and microbiological characteristics of quail egg pasta, according to the literature, have yet to be studied in depth, our goal was to expand this knowledge. Studying the properties of this product is beneficial to both advancing the technology and food safety.
Experimental
The aim of our study was to examine and compare the chemical and microbiological characteristics of the eggfree and quail egg dried pasta that had been subjected to different heat treatments. Changes caused by the presence of quail eggs were sought. Differences made by varying the temperature of heat treatments were examined. Moreover, a connection between the microbiome and heat treatments was characterized.
Materials The wheat flour, Triticum aestivum L., used and the quail eggs were bought from commercial sources. The reagents for the chemical and microbiological measurements were provided by Reanal Laborvegyszer Kereskedelmi Kft. The bacterial substrates were produced by Merck Kft.
Samples
The tests were conducted on the samples of egg-free and "four hen egg pasta" doughs using sufficient quantities of quail eggs.
All the pastas were made from Triticum aestivum L. flour, water and quail eggs for the egg pasta. To improve the heat distribution the pastas were shaped into the form of linguine. The pasta doughs were treated at three different temperatures (40
• C, 60
• C and 80
• C) for twenty-five minutes in an Armfield-type fluid bed dryer.
The samples were subjected to chemical and microbiological measurements. In preparation for the chemical tests the samples were first grated then 100 mg/ml extracts were taken using distilled water. Every analytical method was conducted on five parallel samples.
Chemical Analysis
The moisture content was determined by an MA50 Sartorius Moisture Analyzer. The water activity was measured by a Novasina MS1 water activity meter. For the measurement of color the Konica Minolta CR-310 Chroma Meter with a tristimulant objective in a laboratory coordinate system was used. To measure the pH, the SG23 Mettler-Toledo SevenGo Duo pH/conductivity meter was used. The acid values of the extracted samples were titrated with 0.1 M NaOH solution in the presence of the indicator phenolphthalein. The determination of pH and acid value was conducted based on Hungarian standards [8] .
The water-soluble total polyphenol content was measured by Folin-Ciocalteu reagent [9] and expressed in gallic acid equvalent (GAE). Water-soluble antioxidant capacity was measured using a FRAP (ferric reducing antioxidant power) Assay Kit [10] . The peroxidase enzymatic activity was given by using ODA (o-dianisidine) as a hydrogen donor [11] and the data converted into ascorbic acid equivalent (AAE). For measuring the watersoluble protein content, a method by Layne [12] was used. The yellow pigment content of the samples was determined according to Hungarian standards extracted by butanol [13] .
Microbiological Analysis Microbiological measurements were conducted given the relevant standards [14] [15] [16] . Three parallel measurements were made from each sample. All samples were tested for coliform bacteria, Staphylococcus aureus and molds. In addition, the presence of Salmonella using a European standard [17] was tested for.
Statistical Evaluation All the measurements were replicated five times using XLSTAT software [18] . Given the parallel samples, non-parametric probes were used. The Kruskal-Wallis test was applied to calculate the pvalue (α = 0.05) and Dunn's post hoc pair-wise test was used with Bonferroni correction on significant results. The correlation between parameters was determined by Spearman's rank correlation coefficient (non-parametric equivalent of Pearson's correlation) (α = 0.05).
Results and Analysis

Chemical Analysis
Moisture content The moisture content of the dried pasta samples decreased as the temperature of heat treatment increased. The moisture content of all the dried pasta products was below the maximum set by Hungarian standards [19] of 13 %. When treated at the same temperature the quail egg pastas always contained less moisture than the egg-free samples. However, significant differences were not determined.
Water activity This parameter is important for determining the initial microbial count and activity of samples during storage. The water activity of the samples decreased as the temperature of the heat treatment increased. In the quail egg pastas, the numbers were higher (aw(80
• C) = 0.6254 ± 0.0313) compared to commercially available pastas (aw < 0.6). Thus, at this level of water activity the xerotolerant and xerofil microbes could survive and reproduce. A significant difference was not determined. pH The pH also plays a key role in the reproduction and survival of microorganisms as well as in the activity of peroxidase. The pH of the quail egg samples was always lower than the egg-free samples. A significant difference was only measured in the quail egg (3.572 ± 0.128) and egg-free (5.898 ± 0.019) samples treated at 40
• C. Since the molds are capable of reproducing at a lower pH (pH = 2-4) [20] , this value of the quail egg pasta poses a threat from a microbiological point of view.
Acid value (AV) This parameter was always lower in the quail egg samples. In the samples dried at 60
• C, significant differences were observed. All the acid values of measured samples were between 3.15 and 3.66 • SH, which falls within the Codex Alimentarius Hungaricus' guidelines [19] (in dried pastas AV = maximum of 5
• SH).
Water-soluble total polyphenol content For evaluating the water-soluble total polyphenol content (TPC) of the samples, the data was calibrated with the gallic acid equivalent as shown in Fig. 1 , which gives the polyphenolic components in mg of gallic acid equivalent found in 1 gram of dried pasta. The presence of the quail eggs resulted in higher water-soluble total polyphenol contents in each case. Significant differences based on the coupled comparison's pvalues were only observed between the samples that were not heat treated.
Based on the results of the Kruskal-Wallis test a significant difference is observed between the TPC values of quail egg pastas. Among the quail egg samples, based on the comparison of pairwise p-values, a difference is found for at least two samples. This can be detected between the samples that were not heat treated and those treated at 80 • C as well as between samples treated at 60
• C and at 80
Based on these results, it can be stated that the TPC may be influenced by heat treatment. Peroxidase enzymatic activity The peroxidase enzymatic activity was calculated on the basis of data from the literature and its value was given in terms of dry matter content (Björkstén, 1968) . The graph in Fig. 2 clearly shows the effect of heat treatment. The enzymatic activity decreases as the temperature of the heat treatment increases and is always lower in the quail egg samples. The cause of this difference could be the different pH of the two types of pastas.
In both cases a significant difference is observed between the samples treated at 60
• C and those not subjected to heat treatment. In the results of the egg-free pastas, the decline is less than in the quail egg samples.
Water-soluble protein content The water-soluble protein content was always higher in the quail egg samples. Significant differences were observed between both the separate and cumulative evaluations. A significant difference was measured in the p-values in terms of the comparison of egg content when heat treated at 40
• C. In addition differences were observed between the eggfree samples that were not subjected to heat treatment and those heat treated at 80
• C, as well as between the quail egg samples that were not heat treated and those treated at 40
From these results it can be stated that the examined treatments influence the water-soluble protein content of the samples.
Water-soluble antioxidant capacity The measurements of the water-soluble antioxidant capacity were converted into ascorbic acid equivalent. The antioxidant capacity of the pastas rose as the temperature of the heat treatments increased, in terms of the egg-free samples, the maximum was observed at 60
• C. The statistical evaluation revealed significant differences in every case. The increase in the antioxidant capacity as the temperature of heat treatment rises is common in the literature [21, 22] . Yellow pigment content and color measurement The yellow pigment content was only measured on samples of dried pasta. Both the egg-free and quail egg pastas exhibited significant differences between samples treated at 40 • C and 80
• C. As seen in Fig. 3 in the case of the quail egg samples, a significant decline in the yellow pigment content was observed as the temperature of heat treatment increased. Even so, the noticeable drop in the yellow pigment content of quail egg samples was still higher than in the case of the egg-free samples (except for the decline at 80
• C). For the assessment of color the "LAB" color chart was used. The L * value denotes the lightness and positive rate of the b * value which represents the intensity of the color yellow. Neither of these two values changed significantly in the presence of the quail eggs. However, the heat treatment resulted in significant changes in both color rates. A significant change in the lightness has already been observed in all the samples treated at 40
• C. As shown in Fig. 4 the b * value increased as the temperature of heat treatment rose, therefore, the pastas became yellower as the temperature increased. In both types of pastas, significant differences were observed between the samples that were not subjected to heat treatment and those treated at higher temperatures (60
• C). The results of the yellow pigment content and color measurements are controversial in terms of the quail egg samples. The b * value -which shows the intensity of the color yellow -increases while the yellow pigment content decreases. The seemingly ambiguous data might be caused by chemical and microbiological changes not examined by us.
The yellow pigment content continuously decreases during the drying process, therefore, choosing the most suitable drying temperature is critical. From these results, to retain the maximum amount of yellow pigments in the finished products, heat treatment at 60
• C is recommended.
Microbiological measurements
The microbiological contamination of egg-free samples remained below the limit (Figs. 5 and 6 ).
However, in the case of the quail egg pasta, the coliform bacteria appeared in the samples treated at 40
• C. The presence of the coliforms is not surprising since they (Bíró, 2014) . As a result of the heat treatment the number of microbes decreased in both types of pasta. Based on these results it can be clearly seen that heat treatment increases the quality of both types of pasta from a microbiological standpoint. The higher the temperature of the heat treatment, the more microbiologically advantageous it is.
Statistical evaluation
In addition to the examination of significant differences between our data, correlation studies were conducted on six selected variables of the evaluated factors: peroxidase enzymatic activity (POX), water-soluble total polyphenol content (TPC), L * and b * values, yellow pigment content and water-soluble antioxidant capacity. Since five parallel measurements were taken, Spearman correlations were determined [23] , which is the nonparametric equivalent of the Pearson's correlation.
Based on the obtained "r" and "p" values (Tables 1  and 2 ), two positive and three negative correlations were identified. The positive correlations were between the water-soluble total polyphenol content and yellow pigment content as well as between the water-soluble antioxidant capacity and b * values. The negative correlations were identified between the peroxidase enzymatic activity and L * value as well as b * values, the water-soluble total polyphenol content and b * values, in addition to the water-soluble total polyphenol content and water-soluble antioxidant capacity.
Conclusion
The aim of this study was to expand the literature on the chemical and microbiological characteristics of quail-egg dried pastas.
With regard to the nutritional value of the pastas almost all of the examined characteristics declined as the temperature of the heat treatment increased except for the water-soluble antioxidant capacity. From our study it was found that the heat treatments at 80
• C were the most effective. Based on these results, heat treatments at high temperatures (80
• C) are recommended especially from a microbiological point of view. The samples should also be maintained at this temperature for at least twenty-five minutes. Such treatment would ensure the production of higher quality and safer products.
While the industrial use of quail eggs causes technological and economic problems, this study could be a starting point for further research in this field.
